Background Periacetabular osteotomy (PAO) may affect cartilage thickness and cyst volume in patients with hip dysplasia. However, as no studies randomizing patients to either PAO or conservative treatment have been performed, to our knowledge, it is unknown if PAO directly affects the development or progression of osteoarthritis in patients with hip dysplasia. Questions/purposes We investigated (1) changes of cartilage thickness in the hip after PAO; (2) how many patients had subchondral bone cysts in the acetabulum or femoral head; (3) changes in cyst volume; and (4) patients' hip function and pain after PAO. Patients and Methods In this prospective study, 26 patients (22 women and four men) with hip dysplasia were enrolled with the goal of having MRI of the hip before undergoing PAO and again at 1, 2 1 .
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Introduction
Transsartorial periacetabular osteotomy (PAO) [24] is performed in young patients with hip dysplasia to relieve hip pain and increase hip-related physical function [5, 6] . Use of PAO may help postpone or prevent hip osteoarthritis (OA), but to our knowledge, no studies randomizing patients to either PAO or conservative treatment have been done, therefore we do not know whether PAO directly affects the development or progression of OA in patients with hip dysplasia.
Joint space narrowing is a strong radiographic indicator of degenerative changes associated with hip OA [8, 9] , but the progression of hip OA also can be monitored by changes in cartilage thickness and size of subchondral bone cysts [14, 16] . Subchondral bone cysts can be caused by pressure on the cartilage and the subchondral bone, which causes the joint fluid to leak into the bone. The swelling and inflammation associated with OA can put extra pressure on the cartilage. With PAO, the biologic hip is preserved and subchondral bone becomes capable of regeneration [14, 17] , but it is unclear whether the cartilage is able to regenerate.
We asked if cartilage thickness and cyst volume changed during the 10 years after PAO and how patients described their hip pain and function 10 years after that procedure. Specifically, we investigated (1) if changes in hip cartilage thickness occurred after PAO, (2) how many patients had acetabular or femoral head cysts before undergoing PAO, (3) changes in cyst volume in the years after PAO, and (4) patient-assessed hip function and pain after PAO.
Methods
We performed a prospective cohort study with a 10-year followup. Our study included 26 patients (22 women and four men) with hip dysplasia scheduled for PAO between April 2003 and June 2004 at our institution. Eighty-six patients with hip dysplasia were assessed for eligibility in the study. Nine patients declined to participate and 51 were excluded. Of those excluded, 11 had a THA and three had an intertrochanteric femoral osteotomy simultaneous with the PAO (Fig. 1) .
The median age of the study patients at the time of PAO was 39 years (range, 19-53 years). Study inclusion criteria were: center-edge angle of Wiberg [26] 24°or less; OA degree, 0 or 1, according to the classification of Tönnis [25] ; spherical femoral heads; closed growth zones in the pelvis; painful hip; and minimum 110°flexion in the hip. Exclusion criteria were: metal implants, neurologic illnesses, Legg-Calvé-Perthes disease, or previous corrective pediatric hip surgery. Written informed consent was obtained from patients and ethical approval was received from the Central Denmark Region Committee on Biomedical Research Ethics (Journal No 20030021). The study was registered at Clinical Trials.gov (NCT00119977).
All PAOs were performed by one surgeon (KS) using the transsartorial approach [24] . When performing the correction of the acetabulum, a specially made measuring device was used to measure the center-edge angle, using fluoroscopic guidance. This was done to avoid overcorrection of the acetabulum which can result in impingement [19] . The 26 study patients underwent MRI preoperatively; 25 patients were available for followup 1 year postoperatively which included another MRI series. Twenty-one patients were available for the 2 1 2-year followup, and 17 (65%) underwent MRI at the 10-year postoperative followup. Of the nine who did not return for followups, three had undergone THA, three had substantial hip symptoms, and three were lost to followup. We compared baseline clinical and demographic data between the 17 who returned at 10 years with the nine who were lost to followup, and found that the 17 patients obtained a lower postoperative acetabular index angle (p = 0.04) ( Table 1) .
Imaging examinations were performed on a 1.5 Tesla Scanner (MAGNETOM 1 Symphony 1.5T eco; Siemens Corporation, Erlangen, Germany), using a body array surface coil. A fat-suppressed three-dimensional fast lowangle shot sequence was obtained. The imaging matrix was 256 9 256, and the field of view was 220 9 220 mm, with a section thickness of 1.5 mm. The repetition/echo time (TR/TE) was 60.0/11.0 ms, flip angle was 508, and acquisition time was 9.38 minutes.
Continuous ankle traction was applied to the patient's leg during MRI to separate the acetabular and femoral cartilages. One person (IM) measured the thickness of the acetabular and femoral cartilage using a stereologic method we developed and which has been shown to be precise and efficient [15] . Based on repeated stereologic measurements of cartilage thickness obtained by preoperatively double MRI on 13 patients in this study, the limits of agreement are between À0.17 and 0.13 mm for acetabular cartilage and between À0.18 to 0.1 mm for femoral cartilage [15] . The stereologic method is based on four images through the center of the femoral head and was described in a previous study [16] .
We used a design-based stereologic method (Cavalieri's principle) to measure the volume of cysts in the acetabulum and femoral head on sagittal images through the hip. The method was described previously [14] . All measurements were performed by one person (IM). Measurements of bone cysts, based on the same method, provided a limit of agreement between À1.45 and 2.01 cm.
Ten years after surgery, the Hip dysfunction and Osteoarthritis Outcome Score (HOOS 2.0) questionnaire [20] was used to measure patient-reported outcome in the subscales symptoms, pain, activities of daily living, function in sport and recreation, and hip-related quality of life. HOOS ranges from 0 to 100, with 100 equal to the best possible score. The HOOS scores were collected for all 17 patients when they came for MRI.
We present the results of the 17 patients who completed the 10-year-followup, and when pre-and postoperative comparisons were performed, only data from these 17 patients are compared. Data for cartilage thickness and cyst volume were tested for normality using the Shapiro-Wilk test and Q-Q plots. Normal distribution was assumed for cartilage thickness and differences between preoperative and 10-year postoperative data were tested by paired t test. Differences between preoperative cartilage thickness and radiographic angles in patients lost by the 10-year followup and the remainder of the patient group were tested using an unpaired t test. Data regarding cyst volume were not from a normal distribution and differences between preoperative and 10-year postoperative data were tested using Wilcoxon signed rank test. Stata 1 software, version 13.0 (StataCorp LP, College Station, TX, USA) was used for statistical computations.
Results
For the 17 patients who had MRI before surgery and 10 years later, the acetabular cartilage was unchanged 10 years after surgery compared with the preoperative acetabular cartilage thickness (p = 0.73). Preoperatively, the mean thickness of the acetabular cartilage was 1.38 ± 0.14 mm; and 10 years postoperatively, it was 1.43 ± 0.07 mm (Fig. 2) . The patients' femoral cartilage was unchanged 10 years postoperatively compared with preoperatively (p = 0.24). The mean thickness for the femoral cartilage preoperatively was 1.37 ± 0.20 mm and at 10 years postoperatively, it was 1.30 ± 0.07 mm. Among the 17 patients who had MRI before surgery and 10 years later, seven had an increase in cyst volume, six had a decrease, and four had no cysts to start with and remained without cysts ( Table 2 ). All acetabular cysts were located anterolaterally in the acetabulum except one that was located posterolaterally. Femoral head cysts were positioned anterolaterally and anteromedially.
The volume of bone cysts was unchanged 10 years after PAO compared with volume before surgery (p = 0.18). The median total cyst volume per patient preoperatively was 6.0 cm 3 (range, 1.6-188.3 cm 3 ) and 10 years postoperatively, it was 2.9 cm 3 (range, 0.7-8.2 cm 3 ). Preoperatively, three patients had cyst volumes greater than 80 cm 3 . Ten years later, outcomes for the same three patients were: one had undergone a THA, one had radiologically verified OA, and one was lost to followup.
For the 17 patients who completed the 10-year MRI, self-assessed mean subscores for the HOOS were: pain, 79 ± 16; symptoms, 73 ± 17; activities of daily living, 85 ± 14; sport/recreation, 68 ± 22; and quality of life, 61 ± 19 ( Table 2) .
Discussion
Symptomatic patients with hip dysplasia undergo PAO to relieve pain, increase function, and hopefully, to delay or prevent the development of OA and the need for subsequent THA. It also is possible that the procedure may allow cartilage and bone repair [7] , although the former has not been observed to our knowledge. We followed a cohort of patients for 10 years and investigated: (1) if changes in the thickness of hip cartilage take place after PAO; (2) how many of the studied patients had acetabular or femoral head cysts; (3) whether the volume of cysts changed after PAO; and (4) patient-reported hip function and pain after PAO.
We acknowledge limitations to our study. First, we had 10-year followup on only 17 of 26 study patients. There was no difference in preoperative cartilage thickness in patients who completed 10-year MRI and those who did not, but the 17 patients had a lower postoperative acetabular index angle after PAO (a less steep acetabulum) and tended to have less severe hip dysplasia with higher preoperative center-edge angle and lower preoperative acetabular index angle. From the electronic health records we collected information regarding the outcome of the nine patients not returning for the 10-year followup; three patients had THAs, three had hip symptoms, and three were lost to followup The three patients who underwent THAs most likely had thinner cartilage, lower HOOS scores, and possibly larger cyst volume at the time of revision compared with the preoperative measurements. One of the three patients with hip symptoms had verified hip OA and did not want a THA, one had labral degeneration treated with hip arthroscopy, and one had an injection of steroid and local anesthetic. Second, a limitation to our approach of measuring and presenting a mean cartilage thickness is that tissue loss in hip dysplasia is initiated in the anterolateral region [7] and the mean thickness may not show localized loss of cartilage. However, it has been shown with threedimensional delayed gadolinium-enhanced MRI that there are biochemical changes globally in dysplastic hips [4] . Although tissue degeneration may initiate locally, OA is a biologically mediated event that affects the entire joint. Finally, our sample size was small and therefore had low statistical power to detect changes.
Ten years after PAO, six patients (23%) had substantial hip pain and/or had undergone THA and another three patients (12%) were lost to followup. Among the 17 patients (65%) who completed the 10-year MRI, cartilage thickness appeared to be preserved. Measurements of cartilage thickness represent radiographic joints space width or joint space narrowing [3, 12] , which is considered the reference standard for assessment of progression of hip OA. Jacobsen et al. [10] reported that joint space width less than 2 mm is associated with patient-reported pain in or around the hip, which is in line with the acceptable pain scores of the 17 patients who did not experience thinning of the cartilage during the 10-year period after PAO.
Among the 17 patients who had MRI before surgery and 10 years later, seven had an increase in cyst volume, six had a decrease, and four had no cysts to start with and remained without cysts. It is likely that cyst volume has increased in the six patients with hip pain or THA and the three lost to followup. In a worst-case scenario we have a preponderance of worsening with time. As for the 17 patients completing 10-year MRI, volume of subchondral bone cysts was unchanged 10 years after PAO. However, the number of patients with an acetabular or femoral head cyst before PAO was low and we encourage caution with any interpretations. Since six patients had a decrease in cyst volume, a regenerative process can take place in the bony tissue after PAO where the biomechanical loading on the hip changes [2, 11] . In our study, this was supported by all bone cysts except two being located anterolaterally in the hip, where degeneration in the dysplastic hip often is found [7] and where peak contact stress is localized [21, 27] . Nakamura et al. [18] also found partial or complete cyst remodeling in 17 of 21 hips 5 years after patients underwent PAO. However, to our knowledge, cyst remodeling after PAO has not been reported in the literature, other than by Nakamura et al. For the 17 patients without failed PAO, the patient-reported HOOS scores indicate acceptable hip function and pain up to 10 years after the procedure. The presence of bone cysts did not directly influence patient-reported hip function and pain. Patients with cysts did not score lower than those with no cysts on the HOOS assessments. Two patients had generally low HOOS scores but neither had bone cysts. Different patient-reported outcome scores are used to describe the mid-to long-term clinical outcomes after PAO and therefore are not directly comparable to the HOOS scores applied in our study, but our scores are in a similar range of acceptable scores for pain, function, and quality of life as reported by others [1, 13, 22, 23] . Ten years after PAO, approximately 25% of the patients having a PAO will have substantial hip pain and/or undergo an arthroplasty. Of the patients who do not, cartilage thickness appears to be preserved. Future studies will need to help us decide which patients are most likely to succeed with a PAO at long-term followup.
